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What has made the nuclear industry eco- 



tombed reactor at Chernobyl sets a hor¬ 
rifying precedent. Its “coffin” is already 

barely a decade. 
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Got something to say but no time to 
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comments will be recorded and may 
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through our towns and cities 
like booted giants. 

Of course, the visionaries 


through south Dade County 
in August 1992, shredding 
the area’s light-frame struc¬ 
tures with its powerful 
winds, it arrived untouched 
by human hands. Radar had 
swept the storm during its ad- 

tored it, computers had sim- 

might follow on its landward 
run, and aircraft had probed 
the storm again and again. 
But the operational technol¬ 
ogy that everyone knew 
would be in place by now 
was nowhere to be seen. 

Not that the notion of blunt¬ 
ing hurricanes had been test¬ 
ed and found wanting, how¬ 
ever, After a flurry of support, 
weather modification was sim¬ 
ply written out of the federal 
, agenda in the Carter and ear¬ 
ly Reagan years. Vaporous 
diplomats, dissent among sci¬ 
entists, and the elusiveness 
of statistically viable proofs— 
statisticians and their appe¬ 
tite for significant samples, af¬ 


ter all, are the undertakers of 
daring science—combined 
to suffocate the idea before 


hand. Contrary 
she cut off the supply of 
seedable hurricanes and sim¬ 
ply outwaited the truncated 
attention span of policy mak- 

long-time researcher, you 
don’t even hear hurricane 
modmcation mentioned; no¬ 
body wants to think about it: 

For most of human histo¬ 
ry, the idea of somehow tam¬ 
ing the violent creatures of 
the atmosphere has been 
treated only as fantasy, as 
magic. A sorcerer like Shake¬ 
speare's Prospero might 



air was calm enough for sea¬ 
birds to gather and for bat¬ 
tered ships to rest before be- 

clone’s trailing edge. There 
was also something intense¬ 
ly personal about being 
thumped at sea by an Atlan- 
■ western Pa- 
typhoon. The great 


vault set roaring war," but 

such stuff was Faustian non¬ 
sense. No one knew this bet- 

gone through hurricanes, 
lost ships and shipmates to 
the big storms, and experi¬ 
enced the metaphorically 
beautiful calm of the central 

white water aplenty but the 


kind of mystery—when peo- 
talk about Donna or Camille, 

about more than just anoth¬ 
er natural phenomenon. 
Radar, invented during 
World War II, robbed the 
storms of some of their im¬ 
ponderable qualities. On ear¬ 
ly radar screens, the storms 
appeared as white Ror- 
schachlike brutes of cloud 
ringing an empty center, 
their 200-mile diameters com- 


Andrew ripped 
through Paradise Point 
(left) and Fort 
Lauderdale (center), 
generating the 
equivalent energy of a 
ten-megaton bomb— 
not for a second, but 
constantly, for 
days. Seen from space, 
Gladys wallops 
the Caribbean (below). 



pressed neatly into a six- 
inch cathode-ray display, 
Probing the storms with air¬ 
craft also drained away 
some of the mystique, de¬ 
spite the almost legendary 
roughness of the ride. 

turned out, were rather easi¬ 
ly seen. 

Looking at their meteorol¬ 
ogy, you could tell at once 
that they were really just over¬ 
sized heat engines. Warm, 
moist air near the ocean sur¬ 
face was being drawn into a 
spiral, around a center of 
very low atmospheric pres¬ 
sure, then spun into a cylin¬ 
drical wall of violent convec¬ 
tive, vertical clouds around 
an eye. Adding the energy 
of its load of freezing water 
to the storm’s, the air was 
rammed up this chimney to 



clouds. But in that powerful, 
rather simple, process, 
there seemed to be some¬ 
thing frail and unstable. Like 
the engines of Indy racers, 
hurricanes seemed always 
poised on the rim of mechan¬ 
ical failure. Perhaps, a few 
meteorologists dared think. 













DOING SOMETHING 










down to Norfolk and asked the Navy to 
fly him through Donna,” a 1960 hurri¬ 
cane. “So they took a jet and flew him 
back and forth over the top of Donna 
as she approached Florida. He took pic¬ 
tures—pictures of what the radar saw. 
Donna was a very steady storm. It had 
this chimney in the right front quadrant. 
Riehl said the effluent from this chim¬ 
ney created the entire cirrus shield over 
the storm. He came back all excited. 
m got together. I said, ‘Did you get any 
icing?’ He said that every time they 
went through the front quadrant, the 
plane got ice all over it.” No one cried 
eureka, but a hypothesis was born, 
Simpson had been looking for some 
trigger, some trick, with which to take 
advantage of what he regarded as the 
storm’s inherent instability. The pres¬ 
ence of supercooled water offered one. 
Water gives off enormous quantities of 
stored, or latent, heat when it changes 
phase from liquid to ice. If by seeding 
you could coax the supercooled water 
to freeze, you'd release huge quantities 
of heat into the heart of the hurricane— 


perhaps enough to make a difference. 
”1 developed the hypothesis that you’d 
release more heat,” Simpson explains, 
‘‘and change the surface pressure gra¬ 
dient that controlled the flow of wind.” 
Because the pressure drop would not be 
so steep, surface winds would not coil 
quite so tightly around the oenter of low 
pressure; the built-in instability of the 
storm would then cause the eye wall to 
wander outward, reforming at a greater 
radius from the center. And, like a whirl¬ 
ing Sonja Henie sticking out her arms, 
the hurricane’s winds would drop. 

Back in Palm Beach, Simpson soon 
tried his hypothesis in the field. On Sep¬ 
tember 16, 1961, a mixed squadron of 
Navy and Weather Bureau aircraft con¬ 
verged on hurricane Esther and 
dropped eight silver-iodide canisters in¬ 
to clouds around the eye — the annulus 
of towering clouds called the eye wall. 
Esther, which had been intensifying, lev¬ 
eled off, and the winds near the eye 
wall weakened significantly. The next 
day, the planes tried again, but this 
time the canisters missed the eye wall 


and no changes were observed. No ci¬ 
gar, perhaps, but on the whole, an 
encouraging start. In fact, Esther’s 
behavior was encouraging enough for 
hurricane modification to move into the 
light, in 1962, the U.S, Navy and De¬ 
partment of Commeroe established Proj¬ 
ect Stormfury—and Simpson’s idea hard¬ 
ened into the Stormfury Hypothesis. 

By now, however, cloud seeding had 
acquired some scientific trappings—it 
was more than just the introduction of 
a seeding agent like silver iodide. A tech¬ 
nique called ‘‘dynamic seeding” had 
emerged, in which seeders sought to 
alter the very structure and wind flow 
in cumulus clouds. By causing super¬ 
cooled water to freeze and release la¬ 
tent heat into the cloud, they could 
force the cumuli to grow, drawing in¬ 
creased quantities of surface air in at 
the cloud bases and exhaling greater 
quantities of frozen effluent at high alti¬ 
tudes. Simpson and his wife Joanne, an 
experimental meteorologist, incorporat¬ 
ed dynamic seeding into Stormfury: 
Seeding, they postulated, would 


OUT OF AFRICA 

Some hurricane seasons are more ecfual than others. A map ofthe 
Iraehs of sencrc Allanlle hurricanes—those with minds greater the 


110 miles per hour—from the end of To many meteorologists, ” 


w, may have set up conditions in 


World War II through 1969, the year where else” is western Africa. Dec- the easterly trade winds that fostered 


that gave Stormfury Debbie to seed, 
is a tangle of destructive strands. 
From 1970 through much of the 
198.0s., only one severe hurrioane was 
meteorologists 1 


ly populated coastal communities 
like south Dade County. The poten¬ 
tial damage is incalculable. 


es of watching the seeds of hurri- the formation of hurricanes. Converse- 

.the hurricane famine that lasted 

n 1970 through 1987 coinpided 
a relentless drought i 


say for sure that hurri- the growth of young st( 


flow westward from that conti¬ 
nent and blossom Into hurricanes 
over the warm ocean have led ex¬ 
perts to look for connections between Africa—a stormle.ss interval that sent 
no hurricane-spawning pulses out 
over the Atlantic. 

Now, Gray reports, the African 
drought shows signs of ending. If it 
is, and if Gray’s correlation is true, the 
3s by blocking solar radiation; oth- American side of the Atlantic is in for 
rs suggest that the grains seed the it. There are already ominous signs of 
.. ■ ■ ’-e. Gray notes that there 


moist tropical atmosphere, abetting 


re actually on the increase. Tc 


According to William Gray, a mete- 


the rise and fail in the orology professor at Colorado State 


incidence of destructive storms 
merely a random flexing of the con¬ 
ditions over the tropical Atlantic that 
spawn hurricanes. Other observers, 
however, see an ominously predict¬ 
able cycle of activity linked to forces 


ce 1987: Gilbert, Helene, and 
in in 1988; Gabrielle and Hggq in 
59; Gustav in 1990; Bob and Claud- 
le amount of rainfall in west Afri- ette in 1991; Andrew in 1992; and Emi¬ 
ts. While Gray acknowledges 


University, the key factor appears to 


of frequent severe At- 
coincided with 
years of abundant rainfall over west 
Africa. The continental storms tfiat pro- 
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IN THE TIME IT TAKES TO REAtfTHIS SENTENCE, LIGHTNING HI 





TODAY'S HIGH-TECH SOCIETY—EVER MORE DEPENDENT ON ELECTRONIC DEVICES AND CHIP-DRIVEN GADGETS—IS INCREASINGLY VULNERABLE TO LIGHTNING HITS 



















LIGHTNING ATTACHES TO THE GROUND 
AND NOT MUCH ABOUT 
HOW IT GETS FROM THE CLOUD TO THE 
'E DON'T 


ia, facility, lightning sizzled 
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"The sport is still very, very new. 
nr) teachers, no schools, no competitions. 
Drawing By Ori Hollmekler . 
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The first thing Beizer did after hearing he was going blind | 

He knew nothing acquaintances were beauty too—a hang of it and then 

about photography oth- suspicious. Where did Cyclops 12. Since he you’re on your way." 
er than he liked a he get off being so didn’t know anything 


3r without him. offering a Hiram 

t now things Quagola or a Vaslov 
i change! God Cynerometer. the 


he would change put the Cyclops on 


them—^tighMipped, 
expert shruggers, look- 

tnstead he bought 


he problem with things to photograph, 


the instructions. 

roll of film and had 










Leading the team that made 
what Stephen Hawking calte “the 
discovery of the century, if not alt 

Smoot announced the stunning 
breakthrough at an Amertcsai Phys¬ 
ical Society meeting in April 1992 
After 20 years of maniacal attention 
to detail in validating experimental 
tesults Smoot 47, suddenly found 
himself catapulted to stardom 
Sitting now beneath overloaded 
bookshelves (guardrailed for earth¬ 
quake safety) in his office at the Uni¬ 
versity of Californians Lawrence 


IS flanked by two computers on clut¬ 
tered tables behind him. A l«tfe lap¬ 
top that accompanied him on a re¬ 
cent trip to NASA’s Goddard Space¬ 
flight Center perches between the 
larger machines, downloading into 
one parent’s hard drive. Smoot 
talks in rapid-fire bursts that leap 


tncat impulses. His gteat booming 
laugh is amplified by his large 
frame'and the abandon with which 
he surrender himself to the humor 
in the moment. His thoughts turn re¬ 
peatedly to the time when all mat¬ 
ter and energy were crunched into 
an almost inftnrtely hot, infinitely 
dense point before rushing he^- 
iong into the inflationary expansfon 
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would appear in texts and popular 
books on cosmology and only then 
leak down to the media. But it drew tre¬ 
mendous attention—and it was good 

that something awful has happened. 
Omni: Who directly influenced you? 
Smoot: Enrico Fermi has been a hero 
since MIT. The teachers who influenceo 
me directly were themselves taught by 
Fermi. As postdocs at Berkeley, a 
bunch of us would lunch with Luis Al¬ 
varez, Emilio Segre, and Owen Cham¬ 
berlain, who had all known Fermi and 
all won Nobel Prizes. They used to 
love to give us war-story quizzes on prob¬ 
lems in nuclear physics they’d faced. 
Sometimes we managed to figure 

much nuclear physics; it’s out of fash¬ 
ion. Particle physics, cosmology, astro¬ 
physics, mathematical topology— 
these are where people think the fron- 

Omni: Where do you place the begin¬ 
ning of modern cosmology? 

Smoot: When I was a graduate student 
in particle physics at Brookhaven 
about 20 years ago, scientists were dis¬ 
covering that the proton is made of 
quarks. They'd tried to measure the di¬ 
ameter of the proton accurately but 
kept finding it to be soft and mushy 


with hard points in it. We now know pro¬ 
tons and neutrons are both made of 
quarks, and so their collision may in¬ 
volve two quarks in each particle, or 
three, or one. As particles get closer, 
the repulsive barriers between them col¬ 
lapse, so one can imagine protons and 
neutrons colliding and suddenly dissolv¬ 
ing into a bunch of pointlike particles 
whose interactions get weaker and weak¬ 
er as you push them together. 

Well, suppose everything in the uni¬ 
verse consists of pointlike quarks with 

push them together, the less they re¬ 
sist? Then there's no limit to how many 
you can get onto the head of a pin. The 
difference between protons and 
quarks could be infinite—which fits 
much better with the Big Bang model’s 
implication that you’re manufacturing 
spacetime. The suitcase expander un¬ 
folds and you’ve got more suitcase. 
Omni: How does inflation fit into the Big 
Bang theory? 

Smoot: Inflation is the engine that 
drove the formation of spacetime. The 
inflationary model holds that a small re¬ 
gion of the early universe—say less 
than a millionth of a millionth of a pro¬ 
ton-expanded in a tiny fraction of a sec¬ 
ond, faster than the speed of light, to 
something about 100 meters in size. 


Omni: Faster than the speed of light? 
Smoot: Things moving apart faster 
than the speed of light don’t actually 
move; the distance between them just 
has to grow. The only thing that travels 
faster than light is spacetime. Essential¬ 
ly all the spacetime we’re in now was 
created during that tiny fraction of a sec¬ 
ond. Tiny fluctuations, quantum mechan¬ 
ical effects, got stretched to sizes of cos¬ 
mological consequences. These small 
fluctuations from the origin of the uni¬ 
verse are what have grown to be gal¬ 
axies, olusters of galaxies, and the larg- 
er-scale structure we observe today. In¬ 
flation is a transcendent concept linking 
the very small and very large. 

Omni: It’s said that the COBE findings 
unified astrophysics on the largest 
scale with quantum physics on the small- 

Smoot: That was the trend of cosmolo¬ 
gy anyway. COBE just found the piec¬ 
es and put them on a firm observation¬ 
al foundation. With the COBE data so 
strongly supporting the Big Bang, eve¬ 
rybody feels quite confident. But the Big 
Bang itself is what ultimately makes the 
connection between astrophysics and 
particle physics, because if you go 
back far enough, space gets denser 
and hotter until eventually you’re hav¬ 
ing particle interactions. 

Omni: Particle interactions? 

Smoot: You don’t have particles at the 
beginning, just this stuffed-in, energy- 
dense space that’s going to turn into par¬ 
ticles, energy, and present-day space. 
It doesn't seem unreasonable or outra¬ 
geous to me now that I’ve gotten used 
to thinking of space as flexible, stretch¬ 
able, and having real substance. It's a 
real thing on its own. Energy-dense 

used to, and particles. I think of it as a 
metamorphosis, like the difference be¬ 
tween the caterpillar and the butterfly. 
You wouldn’t think butterflies and cat¬ 
erpillars were related until you noticed 
that one went into the cocoon and the 

space are not so distinct anymore. 
Omni: We imagine at the moment of the 
Big Bang that matter began shooting in¬ 
to this vast, empty space from some 
dense, central starting point. 

Smoot: That’s the general misconcep¬ 
tion, but a lot goes on in what we think 
of as empty space. The Big Bang 
doesn’t expand into space. It is space. 
Space itself expands, and as it does. 
It increases the distance between mat¬ 
ter that was once densely packed. One 
can picture the expanding universe by 
thinking of galaxies as dots drawn on 
a balloon. As you blow it up, the gal¬ 
axies fly apart in all directions, but it’s 
really the increasing space itself that wid- 
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they become negative ions. Lightning 
researchers say it’s the ionizing of ice 
particles that charges clouds positive¬ 
ly on top, negatively lower down. 

As Uman explains it, a thundercloud 
might tower eight miles high; updrafts 
lift water droplets from the cloud’s 
warm base into its frosty upper regions, 
where the droplets freeze into tiny ice 
slivers and lumps of hail, The light¬ 
weight slivers can float aloft on the 
winds, but the heavier hail falls, Descend¬ 
ing, the hail bumps rising slivers. The 
slivers lose electrons, becoming posi¬ 
tively charged as they rise. Meanwhile, 
the hail gains electrons as it falls, giv¬ 
ing the cloud’s lower regions a nega¬ 
tive charge. Tension grows between the 
cloud’s top and bottom. “The plus and 
minus charges want to get together so 



Usually, the two charges do meet. A 
current rips through the cloud, visible 
as a lightning flash. However, whether 
the flash stays inside the cloud or reach¬ 
es the ground depends, according to 
current theory, on the height of the 
cloud charge above the ground, 

A cloud’s reservoir of negative 
charge extends upward from the alti¬ 
tude at which temperatures hit the freez¬ 
ing point. In the tropics, that point is so 
far above the ground that the cloud’s 
charged zones interact mostly with 
each other. Tropical lightning is ten 


cloud than to hit the ground. But farther 
north and south, where air gets colder 
lower, lightning hits the ground twice as 
often as in the tropics. At least that’s 
what researchers believe the data 


cloud-to-ground rate 
the tropics, and some say that tropical 
lightning may carry more cu—' 
lightning in higher latitudes, p 
cause tropical clouds are bigger. 
When lightning does flash down 

single streak of light. High-speed cam- 


When lightning flickers, we discover in¬ 
dividual strokes. 

First, the cloud emits an electric feel¬ 
er, barely luminous, that zigzags down¬ 
ward. Each zig is a 170-foot or so 
stretch of ionized air that lasts a mil¬ 
lionth of a second. Then the feeler re¬ 
charges and zags ahead. As this neg- 
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